Objective: To establish consensus on definitive, actionable standards for the management of deformational plagiocephaly.
There is currently no consensus strategy for treating deformational plagiocephaly. Such consensus can be delivered only through community-endorsed guideline documents, drafted through careful systematic review and meta-analysis of relevant randomized controlled trials (RCTs; Melnyk, 2011) . But the extant guideline documents are either insufficiently operationalized or are lacking community-wide endorsement, and there are precious few RCTs on which to build guidelines. Those RCTs that do exist may be sufficiently heterogeneous in study design so as to limit their ability to be integrated. As such, we propose that there is a prevailing need for consensus practices in the measurement, treatment, and management of plagiocephaly.
The time is right for promulgation of a detailed set of best practice statements for working with plagiocephaly patients. Recent reviews have produced a great deal of evidence of the efficacy of various treatment strategies (Bialocerkowski et al., 2005; Collett et al., 2005; Bialocerkowski et al., 2008; Xia et al., 2008; Robinson and Proctor, 2009 ) from clinical studies, which has been distilled into a comprehensive series of practical, evidencebased approaches Flannery et al., 2012) . We have synthesized these perspectives into a single, detailed framework for clinical decision making. Following the relevant tenets for guideline development (Jackson and Feder, 1998; Littlefield and Kelley, 2004; van der Linde et al., 2005; Ansari and Rashidian, 2012) , we have integrated the clinical experience from experts through a series of best practice postulates following a staged process of critical evaluation. Here, we describe our methodology, report on consensus feedback in clinical practice, and identify outstanding questions requiring further exploration.
METHODS

Advisory Panel
All activities in this study were performed by the Clinical Standards of Care Committee from Hanger Clinic or its affiliates in close consultation with a team of advisors with extensive experience in very focal aspects of this work. These professionals were recruited so as to assemble a complete panel of professionals with heavy investment in the delivery and support of care in plagiocephaly, including policy making, reimbursement, practice management, clinician education, evidencebased practice, study design, and applied statistics.
Topic Prioritization
Where an important first step in developing guidelines is to clarify the target audience Ansari and Rashidian, 2012) , we identify that these clinical practice guidelines were intended to inform the decision-making process of those involved in the noninvasive management of plagiocephaly (i.e., primarily those in pediatrics and orthotics practice). Accordingly, following a review of recent literature, a preponderance was drawn from a two-part narrative review published recently on the management of deformational plagiocephaly in the Journal of Pediatric Health Care .
Iterative Review
Thirty-eight postulates were devised from the literature survey and sent to two independent panels for serial review, in a three-stage Delphi Survey process. First, a review panel of 10 multidisciplinary subject matter experts (SMEs) was recruited. The SMEs comprised four high-volume cranial orthotists, three pediatric neurosurgeons, two pediatric physical therapists, and one pediatric physiatrist. The SMEs were asked to review the 38 postulates, in order to identify any concerns and to propose additional postulates that would address any gaps among this preliminary collection of postulates.
Following SME review (stage 1), a separate panel was convened, with the intention of creating a larger representative sample of experienced practitioners. Accordingly, 30 cranial orthotists were recruited from diverse geographical regions across the United States. Inclusion within this panel required that the practitioner provided at least an average of five cranial remolding orthoses monthly, for at least 2 of the past 3 years (2011 to 2013, total n . 120 patients). As stage 2 of review, this panel was directed to consider the set of postulates resulting from stage 1 and rate each statement on a fivepoint Likert scale (strongly agree, agree, neutral, disagree, or strongly disagree). In addition, for each question, there was an opportunity for each survey responder to provide comments; responders were specifically encouraged to identify any instances of confusion, possible misinterpretation, or inaccuracy.
Results from stage 2 were collated and reviewed first for text feedback indicating responder concerns about item clarity. Those items determined to be of acceptable integrity were then measured for responder concordance, items with 70% consensus rate; those above this threshold were retained for further analysis, and those below this threshold-or those items with feedback indicating need for redrafting-were revised in an effort to achieve consensus in a re-review. Revision would involve addition or subtraction of clauses or alteration of details as appropriate. This subset of items was then recirculated to this panel (stage 3), and responses were recollected and analyzed.
All panel activities were conducted electronically, via e-mail or through a web-based survey. All survey analyses were analyzed in MS Excel. This process is summarized in Figure 1 .
RESULTS
Panel Membership
Our panel of SMEs comprised 10 content advisors with expertise either in cranial orthotics or closely related fields with informed perspective on plagioceph- aly (pediatric physical therapy, pediatric physiatry, pediatric neurosurgery). Our panel of 30 cranial orthotists were drawn from diverse geographic areas with a minimum of 5 years of experience in the treatment of plagiocephaly. Based on utilization rates from January 1, 2011, to August 31, 2013, the number of fittings per clinician ranged from 117 to 547, with an average of 225.5 cases (7.5 cases per month). In our research, other Delphi Surveys relating to this subject matter failed to discriminate this level of experience with this population, which the authors felt was a profound weakness in their methodology. By contrast, we intentionally sought out the most experienced clinicians we could find to reduce the artifact of inexperience.
Iterative Review
Of the 38 postulates passed to the SMEs in stage 1, 1 was eliminated, 1 was amended, and 17 were added, yielding a final 54 postulates for review by a representative sample of the target audience (Appendix A). The survey response rate was 12 out of 12 (100%). These 54 postulates were grouped into four domains: diagnosis (n ¼ 8), presentation and severity (n ¼ 14), initiating treatment (n ¼ 17), and management principles (n ¼ 15).
Following stage 2, 47 of the 54 postulates yielded threshold consensus; however, 6 of the 47 consensus statements were determined to be inadequately supported by the survey responders in their text feedback and were revised. The survey response rate was 22 of 30 (73%). Through stage 3, the 13 items (7 not yielding consensus in stage 2 and 6 revised statements) all yielded suprathreshold consensus. The survey response rate was 21 of 30 (70%). While not an a priori objective of our design, it was observed that all postulates yielded an ''agree'' or ''strongly agree'' response.
DISCUSSION
Validity of the Study
Our primary objective in this work was to construct clinical standards of care for the measurement and management of plagiocephaly and thus facilitate the process of both clinical decision making and scientific inquiry among practitioners and investigators in cranial orthotics and allied fields. In pursuit of a set of consensus best practice statements, we reviewed the current literature and extracted a series of postulates from several subdomains of the plagiocephaly management plan. These items were refined in a three-stage process based on the Delphi Survey framework.
Our process was considerate of the practices associated with proper guideline development (Jackson and Feder, 1998; Shekelle et al., 1999 ; van der Linde et al., 2005; Ansari and Rashidian, 2012) and in biweekly consultation with an advisory panel in order to continually refine the survey instrument, administration process, and analysis of results. In this way, we believe that our process delivers a set of focused, actionable best practice guidelines, with appropriate input from the various stakeholders across the spectrum of care delivery, reimbursement, and administration.
Need for this Study
Consensus on the efficacy of cranial molding orthoses in the management of deformational plagiocephaly has been inconsistent, due in part to a lack of standardization with regard to assessment, classification, and when to initiate treatment with a remolding orthosis. Through the described methodologies, our findings suggest broad multidisciplinary national support for a severity assessment technique based on both subjective observations (ear symmetry and the localization of flatness) and objective measurement (transcranial diagonal difference and cephalic index) to classify cranial deformities as mild, moderate, and severe. Further, with these classifications identified, our process attained equivalent support in defining when to initiate treatment with a remolding orthosis according to both age and severity of cranial deformity, supporting an earlier initiation of treatment in the presence of more severe cranial deformities.
Limitations
It is impossible to give forum to the myriad details of case management in any condition. By integrating a thorough review of the relevant literature and contributions from a panel of subject matter experts, we attempted to identify those most salient items requiring consensus. Furthermore, guidelines are limited in their scope of reach: to be effective, they must target a welldefined audience. Because the treatment plan for patients with plagiocephaly can involve multiple clinicians in very different axes of care, it is infeasible to create a comprehensive set of guidelines for adoption across the spectrum of clinical care. Nevertheless, we believe this study has the power to inform a highly relevant group of clinicians: pediatricians, physiatrists, pediatric neurosurgeons, and cranial orthotists, who prescribe and deliver this critically important intervention plan (cranial remolding orthoses) in the noninvasive treatment of plagiocephaly/brachycephaly.
Definitions
One of the primary objectives of this study was to address indeterminate benchmarks in the study and treatment of plagiocephaly. As a case in point, we highlight the example of measuring cranial vault asymmetry. In assessing the consensus to the item ''A transcranial diameter distance greater than 12 mm is considered 'severe' deformational plagiocephaly,'' we found a response distribution of 19.1%, 38.1%, 28.6%, 14.3%, and 0%, with 19.1% strongly agreeing and 0% strongly disagreeing. This is a relevant data point, as ''severe'' status has been variously assigned to 12 to 16 mm (cf. McGarry et al., 2008; Wilbrand et al., 2011) . In addition, this item received several text responses, including (paraphrase): (1) 16 mm is preferred (by some responders) as a threshold for classification as severe, (2) linear measurements do not take into account circumference or three-dimensional considerations, and (3) this measurement cannot be taken in isolation but must be normalized to the size of the cranium. We also observed a sentiment of subjectivism: if the parents perceive the deformity as severe, or if the patient ''measures better than they appear,'' then the severe classification will prevail, despite a contraindication by objective measurement. Here, we see clear evidence of a need for not only for uniform adoption of standard definitions (e.g., 12 mm versus 16 mm as ''severe'') but also for opening a discussion on how to revise simplistic conventional measurements in a way that is more reflective of common sense and clinician intuition.
Future Work
Given the outcome that all 54 items in our Delphi Survey yielded suprathreshold consensus responses, it is tempting to conclude that there is little need for additional work on this matter. However, we urge that there is a great onus to expand on the findings of this study. Foremostly, within the text responses of this survey, we capture dozens of nuanced perspectives, constituting a rich data set for mining and presenting many opportunities for discovery and inspiration for further study, both within the subject of plagiocephaly and beyond. Furthermore, whereas we disclaim that there may be outstanding questions not considered in our survey, we encourage the opening of a community discussion wherein new questions are brought into consideration.
Extension to Clinical Practice
Our research revealed that key considerations with this differential diagnosis have received some attention in the literature, but to our knowledge, this was the first attempt to define which considerations are used in clinical settings by experienced cranial orthotists. An important component to differential diagnosis is the realization that any uncertainty regarding the differential diagnosis should be referred to a pediatric craniofacial clinic or neurosurgeon. Similarly, while there have been many attempts to quantify a subjective severity scale for this population, this is the first time a matrix has been presented that received broad consensus among a large group of practicing cranial clinicians with broad geographic representation. Importantly, consensus was reached only when the underlying best practice postulates were qualified in such a manner that it permitted exceptions to the assignment of subjective severity based on anthropometric measurements alone. This severity assessment matrix, when coupled with the age of the infant, was used to provide broadly accepted treatment guidelines with regard to the initiation of cranial remolding therapy. Within these guidelines, the pervasive opinion that orthotic management should be deferred until 6 months of age is replaced by a more informed and clinically accepted model in which treatment is initiated as soon as head control is achieved developmentally, in infants with greater craniofacial asymmetries. Finally, the algorithm (Appendix B) was introduced to provide a linear visualization of the decision-making processes at key points of contact between the clinician and the infant presenting with deformational plagiocephaly/brachycephaly, in an effort to optimize the diagnosis and treatment of the child.
CONCLUSION
Practitioners and clinical investigators are in need of consensus approaches for handling plagiocephaly cases, including the diagnosis, measurement, and interventional strategies. Guidelines are built from a critical mass of RCTs; RCTs should be designed with compatible parameters in mind. Without a comprehensive set of clinical standards for the care of plagiocephaly, RCT design is empiric and possibly arbitrary. This study provides the first clinician-driven framework for how to handle plagiocephaly.
APPENDIX A
BEST PRACTICE STATEMENTS Diagnosis 1. Radiologic imaging is costly, subjects infants to radiation, and is not necessary for most children with plagiocephaly. 2. Pediatricians and primary care providers should consider referral to a craniofacial specialist (i.e., neurosurgeon, plastic surgeon, cranial orthotist, or pediatric physical therapist) when a case with moderate to severe deformational plagiocephaly is observed.
3. Referral to craniofacial specialists is recommended in cases where etiology is unclear. 4. It is important to rule out craniosynostosis as a primary cause of abnormal head shape in an infant. 5. The type of craniosynostosis that presents most like deformational plagiocephaly is lambdoid craniosynostosis, which is very rare (approximately 1 in 300,000 births). 6. Lambdoid craniosynostosis can generally be distinguished from deformational plagiocephaly by history and clinical presentation and subsequently confirmed with radiographic imaging. 7. An important distinguishing feature between deformational plagiocephaly and lambdoid craniosynostosis is often observed in ear displacement. The ear ipsilateral to the occipital flatness is generally posteriorly displaced in lambdoid craniosynostosis and anteriorly displaced in deformational plagiocephaly. 8. If there is doubt or question about the presence of synostosis in an infant with an abnormal head shape, the infant should be referred to a pediatric craniofacial clinic and/or a neurosurgeon.
Presentation and Severity 1. In most infants with deformational plagiocephaly, the forehead on the side of the occipital flattening is shifted forward. 2. The difference between the right and left diagonal measurements is the transcranial difference, and this value is considered the gold standard for quantifying the degree of asymmetry in deformational plagiocephaly. (Note, cranial vault asymmetry has also been used to quantify the ratio of oblique measurements, but authors are inconsistent regarding the measurement points for cranial vault asymmetry.) 3. The transcranial diameter on the bossed axis is the measurement from the apex of the occipital bossing to the apex of the frontal bossing on the contralateral side. 4. The transcranial diameter on the flattened axis is the corresponding measurement from the flattened occiput to the frontal flatness on the contralateral side. 5. A transcranial diameter discrepancy greater than 12 mm is generally considered severe deformational plagiocephaly. 6. A transcranial diameter discrepancy between 8 mm and 12 mm with ear malposition and/or forehead deformity is generally considered moderate deformational plagiocephaly. 7. A transcranial diameter discrepancy between 3 and 8 mm where flattening is restricted to the back of the skull is considered mild deformational plagiocephaly. 8. In infants with deformational brachycephaly, the head appears wide, and the skull may be prominent above the ears. 9. The cephalic index is defined as the cranial width divided by the cranial length and is considered the gold standard for quantifying the amount of disproportion in deformational brachycephaly. 10. A cephalic index of between 82% and 90% with no widening of the posterior skull is generally considered mild deformational brachycephaly. 11. A cephalic index of between 90% and 100% with widening of the posterior skull is considered moderate deformational brachycephaly. 12. A cephalic index greater than 100% with a vertical head shape or temporal bossing is considered severe deformational brachycephaly. 13. Generally, establishing the medical necessity for a cranial remolding orthosis is a product of (1) the extent of cranial facial asymmetries as documented with anthropometric measurements, (2) the age of the child, and (3) the extent and manner in which conservative management has been attempted. As a result, these considerations should always be documented as part of the orthotic treatment record. 14. If the treating clinician perceives a persistent neck tilt or a strong turning preference to either side, referral to a pediatric physical therapist or other appropriate specialist should be considered.
Initiating Treatment
1. For the infant with nonsynostotic deformational plagiocephaly who is 2 months of age or younger, reassurance and parent education on positioning is recommended for mild, moderate, and severe deformational plagiocephaly. 2. Prior to 4 months of age, conservative management of deformational plagiocepahly should generally consist of repositioning therapy and ''tummy time'' (prone). 3. The use of cranial remolding orthoses should generally not be considered before 4 months of age. 4. The treatment of choice for infants up to 3 months of age with deformational plagiocephaly is early repositioning. 5. If torticollis is present, conservative treatment with stretching and/or physical therapy should begin early in infancy. This is more effective if the torticollis is detected before 3 months of age. 6. There is general consensus that repositioning therapy is preferred over cranial remolding orthosis treatment in patients younger than 4 months.
7. Cranial remolding orthoses should be considered at 4 months of age in cases of severe deformational plagiocephaly. 8. For mild to moderate deformational plagiocephaly at 4 months of age, repositioning and tummy time is still appropriate, with reassessment in one month. At that point, the infant with no improvement should be referred for consideration of a cranial remolding orthosis. 9. Repositioning therapy and tummy time generally remain the more appropriate conservative treatment options between the ages of 4 and 5 months in infants with mild or moderate plagiocephaly. 10. Cranial remolding orthoses should be considered at 5 months of age in cases of moderate deformational plagiocephaly. 11. Decisions regarding cranial remolding orthoses are best made by 6 months of age. 12. Cranial remolding orthoses should be considered for any child presenting between 6 and 9 months with moderate or severe deformational plagiocephaly. 13. Cranial remolding orthoses may be appropriate for infants 6 months or older or for infants with severe asymmetry between 4 and 6 months of age. 14. Deformational plagiocephaly that has not responded to conservative management (i.e., repositioning) by 6 months of age may benefit from the use of cranial remolding orthoses. 15. For the infant with mild asymmetry older than 6 months, cranial remolding treatment is generally not indicated but can be pursued at the discretion of the family. 16. Because 85% of cranial growth occurs in the first
year of life and the rate of cranial growth in the second year is significantly slower, cranial remolding therapy is both less common, rarely initiated, and less effective after the age of 1 year. 17. It is recognized that the referral guidelines of individual physicians may vary from those outlined above. In such cases, orthotists must ultimately defer to the preferences of the referring physician.
Management Principles
1. Progress and response to treatment in patients with deformational plagiocephaly require routine followup and reassessment of the infant's head shape. 2. Given the routine follow-ups that must occur with the provision of a cranial remolding orthosis, a general timeline of treatment, including scanning, fitting, frequency of follow-up, and anticipated length of use of the orthosis should be provided at the beginning of treatment.
3. Routine measurements of the infant with deformational plagiocephaly should include head circumference, cranial width, cranial length, and transcranial diameters. 4. Repeated measurements (by the same provider if possible) should be documented in the patient's record. 5. Parental input should be part of every reassessment as well. 6. Given the established relationship between congenital muscular torticollis and deformational plagiocephaly, it is important to ensure that parents understand that the provision of a cranial remolding orthosis will not directly address the associated torticollis. Accordingly, the therapies recommended to address the torticollis should generally be viewed separately and continued until the torticollis has resolved. 7. In deformational plagiocephaly, the most notable change in head shape may be observed in the difference between the diagonal measurements of the infant skull (or occipital-frontal transcranial diameter). 8. In deformational brachycephaly, the most notable change in head shape may be observed in changes in cephalic index.
9. Regular measurement of cranial circumference is considered the standard for quantifying the amount of overall cranial growth the child is experiencing. 10. Improvements in cranial symmetry and proportion during the course of treatment with a cranial remolding orthosis are generally positively correlated with the corresponding increase in cranial circumference. 11. The amount of correction modified into the remolding orthosis is ultimately at the discretion of the treating orthotist and should reflect the anticipated growth of the child. 12. Because of the rapid cranial growth experienced in this population, once an impression for a remolding orthosis has been obtained, fabrication and fitting must occur within 2 weeks. 13. Improvements from cranial remolding orthoses can generally be seen after the first several weeks. However, this may not be the case in older infants. 14. Most correction that occurs with the use of a cranial remolding orthosis will be realized within the first 3 months of its use. 15. Cranial remolding orthoses rarely restore full cranial symmetry. Reasonable expectations, based on the severity of the child's cranial deficits and their age at the initiation of treatment, should be established and communicated to the family at the outset of treatment.
